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Materials  Plasma  Spray  ceramic  coatings  on  metals 

•  |x-alumina-titania  (87:13)  coating  [ja-AT] 

•  nano-alumina-titania  (87:13)+  additives  (Zr02  &  Ce02)  coating  [nATCZ] 

•  new  Ti02  coating 


Characterization  results 

»  EDXRD  -structure 

•  X-ray  Absorption  Spectroscopy  (XAS) 

-  valence  state-chemical  effects 

-  local  ligand  coordination 

-  structure 


EDXRD:  plasma  sprayed  alumina-titania  coatings  (on  Ti-6-4) 

•  nATCZ  nano  composite  alumina-titania  coating  (87:13) 

+  additives  ~  8-10%  Zr02  &  6-8  %  0e02)  **  %-ratios  by  weight 
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•  |iAT  ^  micro-size  alumina-titania  (87:13)  |iAT  coating 
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nano-coating 

stronger  a- A1203  :  corundum  lines  /  content 
amorphous  content  larger 
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nano-coating  XAS  micro-nanoprobe  would  be  useful 

stronger  a-Al203  :  corundum  lines  /  content 
amorphous  content  larger 


**  U.-Conn.  Group  electron  microscopy:  Ti  in  y-Al203 

Goberman,  Sohn,  Shaw, Jordan,  Gell.  Acta  Mat.  2002;50:1141 . 
Bansal  et.  al.  Acta  Mat.  51  (2003)  2959-2970: 
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X-Rav  Absorption  Spectroscopy  (XAS)  . 
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Fermi  Golden  Rule 
dipole/quadrupole  operator 
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i  =  core  level 


final  states 

f  =  empty  states 

XAS  :  hole  state  spectroscopy 
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Atom  (element)  specific  centered  probe  (inside  out  view  !!!) 

-  electronic  &  “crystal”  structure  |  Powerful"! 

powders,  single  crystals,  very-very  low  concentration  impurities, 
very  thin  films  (sub-monolayer),  liquids,  colloidal  suspensions, 

amorphous  materials ... 


XAS  micro-(NSLS)/nano(NSLS-ll)-  probe: 
local  mapping  of  structure  chemistry 
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L,  XAS  Ce-valence  determination  I  Ce3+/4+,Sm3+/4+,Eu  3+/4\Tm3+/4+,Yb3+/4+ ) 


mixed-valent  Ce  ground  state 
^GS  =  aWf1)  +  b'P(4f°) 

Ce3+  Ce4+ 

Valence  (L3)=4-nf=  4-lal2 


Ce-  L3  valence 

-  exquisitely  sensitive  probe  of 
local  chemistry  !! 


U=  4f'/2p-hole 


5705  5725  5745 


Energy  (eV) 


Mn 


Fe 


Co 


Cu 


Absorption  Coeff 


Ce  in  nano-alumnia-titania  PS  coatings 


Absorption  Coeff 


Ce  in  nano-alumnia-titania  PS  coatings 


PS 
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Plasma  Spray 
Chemical  reduction  of  Ce 


Average  Ce-O  distance  estimate 
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Aside  Ce-AI...  cold  spray  (George  Kim  &  coworkers) 
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Very  stable  against  oxidation,  very  hard 
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Absorption  Coeff. 


Zr  Li  ,-etl»e  probe  of  local  electronic  structure:  ligand  coordination 


Absorption  Coeff. 


Zr-L3  XAS  -  on  nanoscale  structures  example 

electronic  structure  to  map  crystal  structure  in  processing  space 
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Absorption  Coeff. 


Zr  in  nano-alumnia-titania  PS  coatings _ 

•  Zr  in  nano-alumnia-titania  feed  powder 

local  cubic  symmetry  =  Zr02  . . . 
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•  Zr  in  nano-alumnia-titania  PS  coating 
local  octahedral  symmetry  =  Zr02 

PS 

•  cubic  =>  octahedral 
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T(3d)-K  pre-edge:  local  electronic-structure/  eg 

ligand-coordination  f 
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•  replicate  local-  band  features 

•  dipole  transitions  to 
Ti  3d(eg)/0(2p)  hybrid  states 

WORSE  YET 


Absorption  Coeff 


Ti  in  feed  powder  micro-aluminia-titania  (|lAT) 

nano-aluminia-titania-ceria-zirconia  (n  AT  CZ) 

Energy  (keV) 


4.976  4.98  4.984  4.988  4.992  4.996  5  5.004  5.008 


•  feed  powder  pAT  =  nATCZ  =  anatase  phase  Ti02 

Spectral  fingerprint 


PS  coatings  Energy  (keV) 


4.97  4.975  4.98  4.985  4.99  4.995  5  5.005 


Energy  (keV) 

•  PS  coating  quite  similar  for  (xAT  &  nATCZ 

•  nATCZ  PS  coating  spectrum  broadened  =>  atomic  disorder 


Absorption  Coeff 


Absorption  Coeff. 


XAS  chemical  shift  of  main  edge  to  higher  energy  with  higher  valence 
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Ti-valence  state  in  aluminia-titania  PS  coatings 


•  Ti(4_5)+  valence  reduction  in  both  |iAT  &  nATCZ  PS  coatings 
_ similar  to  (but  less  in  magnitude  than)  Ce _ 


Ti-  local  structure  in  PS  coatings  Energy  (keV) 

4.97  4.975  4.98  4.985  4.99  4.995  5  5.005 


•  not  ana-Ti02 


•  conjecture• **  Ti  in  isolated  octahedral  sites  in  spinel  y-Al203 

**  U.-Conn.  Group  electron  microscopy:  Ti  in  y-A1203 
Goberman,  Sohn,  Shaw, Jordan,  Gell.  Acta  Mat.  2002;50:1141 . 

Bansal  et.  al.  Acta  Mat.  51  (2003)  2959-2970: 
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anatase-Ti02  feed  powder  =>  rutile  TiOx  coating 
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•  large  Ti(4'S)+  valence  reduction  in  PS  TiOx  coating 
(5  larger  than  in  aluminia-titania  PS  coating) 


Ti-valence  state  in  TiO,  PS  coatings  (pre-edge) 
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